





What do they do? Transmit
sensory information. Everything
that we can see and hear
involves the transfer of signals
across ribbon synapses in the
retina and cochlea. Ribbon
synapses also occur in the
vestibular organs of balance and
in neurons in the pineal gland
that control circadian rhythms. In
fish, they are found in the
receptor cells that sense electric
fields. 
Why are these synapses
special? Because the electrical
signals they transmit are not the
same as those in other parts of
the brain. Conventional synapses
convey information arriving as a
‘pulse code’; action potentials
lasting a few milliseconds trigger
a transient burst of vesicle fusion
and the amplitude of the action
potential is fixed. But ribbon
synapses transmit ‘analogue
signals’, such as the intensity of
light; the amplitude of the
electrical signal varies
continuously and so does the
rate of vesicle fusion.
Why ‘ribbon’? Because these
synapses often have a long, wavy
structure which holds synaptic
vesicles close to the surface
membrane (Figure 1A). Synaptic
vesicles attach to this ‘ribbon’ by
short filaments (Figure 1B). In
retinal bipolar cells and cochlear
hair cells, the ribbons tend to be
spherical and are also known as
‘dense bodies’. But ribbons are
plastic; their shape can change
when the neuron becomes more
active.
What is the ribbon made of?
Proteins at the ribbon are just
beginning to be identified. A
protein known as Ribeye may
have a structural role in the
ribbon, while Bassoon attaches
ribbons to the postsynaptic
‘active zone’. The kinesin motor
protein KIF3A is enriched at
ribbons, even though
microtubules are not thought to
be present. A key challenge for
the future is to identify the
composition of the filaments that
tether vesicles to ribbons.
Do they work like conventional
synapses? Yes and no.
Exocytosis can be triggered just
as rapidly, and the molecules
involved are basically the same
(although isoforms vary). But only
ribbon synapses support
continuous exocytosis regulated
by graded voltage signals, and
the distinctive ribbon is almost
certainly one of the
specializations that allows this.
Ribbon synapses also tend to
contain many more vesicles than
conventional terminals (Figure
1A) and they lack synapsins,
proteins that link vesicles to the
actin cytoskeleton at
conventional synapses. Lack of
synapsins may allow vesicles at
ribbon synapses to move more
freely to allow efficient
replenishment of ribbons during
maintained stimulation.
So what does the ribbon do?
The structure (Figure 1) and
function of these synapses
strongly suggest that the ribbon
supports continuous exocytosis
by capturing vesicles from the
cytoplasm and transporting them
to release sites on the surface
membrane. Definitive proof of
this idea will require the
visualization of vesicle
attachment and movement on the
ribbon while the synapse is
active. On longer time-scales,
changes in the shape of the
ribbon may be involved in
adaptation to sensory inputs.
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Figure 1. Electron micrograph of the synaptic terminal of a cone photoreceptor from the
retina of a turtle. The ribbon marked by an arrow head in (A) is shown expanded in (B).
From Schaeffer and Raviola (1978). Membrane recycling in the cone cell endings of the
turtle retina. J. Cell Biol. 79, 802–825.
